ABSTRACT. In many developing regions of Melanesia, fishers' traditional ecological knowledge (TEK) has been integrated with western science and management knowledge (SMK) to generate innovative and effective fisheries management. Previous research suggests that three factors initiate this process: depleted fishery stocks, limited SMK, and ownership of resources by local communities. In other contexts the extent of power-sharing through comanagement, and the cultural significance of species may also be important determinants of knowledge integration. Here we assess the role of these factors in the application of TEK in the Torres Strait Islands, Australia, where commercial and subsistence fisheries are fundamental to the Indigenous Melanesian culture and livelihoods. In 2009 we surveyed fishery managers and scientists who revealed that TEK had only been recently and sparingly applied in four fisheries (turtle, dugong, lobster, and hand collectables), and only two of the seven species concerned had a combination of depleted stocks, low SMK, and high community ownership. Instead, comanagement characteristics and the cultural value of species were the primary determinants of TEK application. We suggest that turtles and dugong are cultural keystone species that simultaneously provide important ecosystem services to both islanders' livelihoods and international conservation interests. Combined with their ecological scale these species have catalyzed comanagement between indigenous and government stakeholders, precipitating the application of TEK in other fisheries of lesser cultural importance. We discuss modifications to governance required to enable knowledge integration to evolve further through adaptive comanagement, and its role in enhancing fisheries management and thus the resilience of the Torres Strait social-ecological system. Our study highlights the potential utility of cultural keystone species in stimulating cross-cultural resource governance in developed economies such as Australia.
INTRODUCTION
Globally there is recognition of the valuable role that traditional knowledge held by indigenous communities, often termed traditional ecological knowledge (TEK), can play in the contemporary management of natural resources. TEK is characterized by practical skills and wisdom developed at a local scale through earning livelihoods from the environment over successive generations (Berkes 1999, Brook and MacLachlan 2008) . TEK can be conceptualized as different levels in a nested knowledge-practice-belief complex (Berkes 1999) . Local knowledge of species, their life histories, distributions, and behavior are nested within resource management systems, tools, and techniques. In turn, these are embedded within the social institutions, codes and norms required to implement management systems, and a worldview that shapes environmental perception.
When TEK is integrated with western science and management knowledge (SMK) the resulting epistemological pluralism potentially enhances the resilience of socialecological systems by providing a diversity of knowledge for problem solving (Folke 2004 , Folke et al. 2005 , Berkes and Turner 2006 , Davidson-Hunt 2006 , Berkes 2009 , Bohensky and Maru 2011 . TEK can contribute place-based, fine-scale spatial and temporal information, management techniques, and institutions, whereas SMK provides understanding of contemporary large-scale ecological processes historically not encountered by TEK (Moller et al. 2004 , Aitkenhead and Ogawa 2007 , Wohling 2009 ). In fisheries management, TEK can complement SMK by providing long-term baselines for stock assessments, local knowledge of species' ecology and behavior, habitat conditions and trends, plus customary management systems (Johannes et al. 2000 , Dulvy and Polunin 2004 , Haggan et al. 2007 , Johannes and Neis 2007 .
Tropical inshore marine fisheries present a particular opportunity for the application of TEK. They are typically small but complex social-ecological systems, involving a wide range of species taken for both subsistence and commercial use primarily by local fishers within diverse property regimes ). Conventional centralized, command-andcontrol governance is often under-resourced and too inflexible to provide the fine-scale management required (Johannes 1998a . In many developing Melanesian regions of the Pacific there has been a renaissance of customary management in response to this problem, for example in Fiji, Garibaldi and Turner (2004) have suggested that "cultural keystone species" may facilitate linkages between TEK and SMK. They define such animals or plants as "culturally salient species that shape in a major way the cultural identity of a people" (Garibaldi and Turner 2004:4) . Further, "the detailed traditional ecological knowledge surrounding such species can bring to ecologists and conservation biologists a better appreciation of and respect for traditional knowledge systems in general, and can serve as a window through which such understandings are realized" (Garibaldi and Turner 2004:14) . The application of TEK in the management of cultural keystone species can be closely tied to the expression and revival of traditional indigenous culture and marine resourceuse rights. Examples include the Haida people and Pacific herring in British Columbia (Jones 2007 , Jones et al. 2010 , the Ho'olehua Homestead and whitesaddle goatfish in Hawai'i (Poepoe et al. 2007) , and Nunavat communities and narwhal in Arctic Canada (Armitage 2005a (Armitage , 2007 .
The Torres Strait Islands form the Australian border with Papua New Guinea (PNG). Since European colonization in the 1870s the region has undergone rapid social and ecological change, with the introduction of Christianity, colonial rule, and the early development of commercial inshore fisheries (Johannes and MacFarlane 1991) . The largely Melanesian culture became subsumed by Australian government and law, suppressing customary land and sea tenures, which has contributed to Torres Strait islanders' socioeconomic disadvantage (Smyth et al. 2006 , Mulrennan 2007 . Although the Torres Strait's diverse fisheries are recognized as the primary resource underpinning potential economic development for islanders (TSRA 2009 ), the status of many exploited populations is uncertain (PZJA 2008 , Wilson et al. 2009 ). Concurrently there is a growing motivation among islanders to regain sovereignty over marine resources Mulrennan 1999, Mulrennan and Scott 2000) , expressed through a Regional Sea Claim lodged in 2001 (Mulrennan and Scott 2001) , restoration of traditional culture, locally known as 'Ailan Kastom' (TSRA 2005 (TSRA , 2009 , and involvement in the management of commercial fisheries (Mulrennan 2007) , environmental research, and monitoring (Jones et al. 2008 , Mellors et al. 2008 ).
Set within Melanesia where TEK has been applied to generate innovative and more effective fisheries management, the Torres Strait is a contrasting situation of a minority indigenous culture within a developed economy. In this paper we investigate the current characteristics of TEK application in fisheries management and research in the Torres Strait, and compare them with those found in other knowledge integration processes documented in neighboring areas of Melanesia and other contexts. From our analysis we conclude that TEK application in the Torres Strait is at an early stage, and is being driven by cultural keystone species that have catalyzed comanagement, precipitating similar processes for other fishery species of lesser cultural importance. We discuss how knowledge integration could be advanced through adaptive comanagement to improve fisheries management and enhance the resilience of the Torres Strait and similar social-ecological systems.
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THE TORRES STRAIT

Geography and history
The Torres Strait contains more than 150 small islands in the shallow 165 km stretch of water lying between the state of Queensland, Australia, and Western Province, PNG (Fig. 1) . Today 15 islands are permanently inhabited with a total population of approximately 7000 people (TSRA 2005) . The earliest settlers were Melanesians who arrived 3000-2500 years Before Present (Barham 2000) . Complex social relationships exist between Torres Strait and neighboring PNG communities (Figure 1 in Beckett 1987) . These have been recognized by the Torres Strait Treaty ('the Treaty'), signed between Australia and PNG in 1985 to establish a shared Protected Zone (PZ), the principal purpose of which is to "protect the traditional way of life and livelihoods of the traditional inhabitants of the Torres Strait and adjacent coastal areas of the two countries" (PZJA 2008:5) .
TEK in the Torres Strait
The intricate connection of Torres Strait islanders to the marine environment is expressed in the diversity of languages, mythologies, ceremonies, and customary tenure systems that form Ailan Kastom (Mulrennan and Scott 2000 , McNiven and Feldman 2003 . This relationship is exemplified by estimates that the islanders have one of the highest rates of seafood consumption per capita in the world, based on the exploitation of at least 350 species (Johannes and MacFarlane 1991 , Harris et al. 1994 , McNiven and Hitchcock 2004 . Johannes and MacFarlane (1991) conducted a survey of the traditional fisheries of the Torres Strait, and provided evidence that, although eroded by a century of colonization, some TEK of marine resources remained. Examples included knowledge of green turtle (Chelonia mydas) and dugong (Dugong dugon) behavior, physiology, and interannual variations in abundance, traditional fishing technology such as fish drives and poisons, and complex customary marine tenure and access arrangements for reefs, inhabited, and uninhabited islands. This mirrored anthropological studies by Nietschmann (1984 Nietschmann ( , 1989 , Sharpe (1992) , and Cordell (1995) , which also identified widespread and extant cultural practices related to marine resources such as seasonal calendars, totemic associations, and gender-specific norms and superstitions.
However, there has been little systematic documentation of TEK across the Torres Strait. Smyth et al. (2006) classified the cultural values of marine species according to cultural domains (Table 1) , but only recently has a TEK project been established to archive remaining cultural and historical information for each island (MacLaren 2012). 
Traditional fisheries and stocks
Traditional fisheries include unlicensed fishing for subsistence or cultural use, and also fall under the PZJA's aegis, although formal committees do not exist for them (PZJA 2008) . Under the Treaty three fisheries are recognized:
Dugong
Hunting dugong is an integral part of Ailan Kastom, and is a major source of protein in the western islands (Johannes and MacFarlane 1991 , Skewes et al. 2002 . Hunting is a skilled male activity and is usually carried out using a spear thrown from a dinghy. The distribution of meat maintains a tradition of reciprocity and respect among communities (Kwan et al. 2001 . Nietschmann (1989) suggests that hunting has persisted because it preserves a way of life and body of knowledge that gives meaning to islander's livelihoods, and sets the context for cultural history and environmental knowledge. The dugong is listed as threatened under the EPBC Act, vulnerable to extinction by the IUCN, and is on Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora. The Torres Strait is one of the most important remaining dugong habitats in the world (Marsh et al. 2002) with an estimated population of 15,000 in 2006 15,000 in (PZJA 2008 . There is concern among scientists that the catch of dugong is unsustainable (Heinsohn et al. 2004 ), but there is disagreement between scientists and islanders about the size of the population, partly due to large interannual fluctuations in numbers driven by changes in seagrass abundance (Johannes and Neis 2007) . This, combined with a lack of accurate catch data from Australian and PNG communities makes assessments of the population's status uncertain (PZJA 2008) .
Turtle
Green turtles are the primary target species for traditional harvest, although the eggs of hawksbill (Eretmochelys imbricata) and flatback (Chelonia depressa) turtles are also taken. As for dugong, all three species have a high conservation status under national and international schedules. The hunting of green turtles is an important facet of Ailan Kastom, and also contributes significantly to islander diet (Kwan et al. 2001 ).
There is considerable uncertainty in catch data (Skewes et al. 2002) , and censuses of nesting green turtles from beaches in the region indicate that the average size is declining, potentially due to overharvesting (Limpus 2008) . Monitoring of nesting female hawksbill turtles has shown a steady decline in their numbers in 1976 (Limpus 2009 ).
Reef fishery
This category includes all other subsistence gathering of fish and invertebrates. Although stocks of commercial species also taken for subsistence are formally assessed by the PZJA, noncommercial species are not.
Comanagement of fisheries
Comanagement is not explicitly mentioned by any government publications relating to Torres Strait fisheries management. However, it is clear that comanagement processes have been evolving since the signing of the Treaty in 1985, and are most evident in four Torres Strait fisheries: turtle, dugong, lobster, and hand collectables. We summarize these processes chronologically, and then analyze this information through a comanagement conceptual framework.
Turtle and dugong
Because of their importance to islanders' livelihoods, their protected and endangered status under national and international legislation, and concern about the impacts of over-harvesting for both islanders' and broader conservation interests, turtles and dugong have been a combined focus for comanagement. Kwan et al. (2001) and NAILSMA (2005) provide a history of key steps in this process. In 1985 the PZJA established a dugong sanctuary in the western Torres Strait, where hunting is prohibited. In 1995 a ban was placed on hunting dugong by any methods other than the traditional spear. These decisions involved minimal community participation, but the consultative development of a Torres Strait Marine Strategy by the TSRA in the early 1990s more fully engaged and empowered islanders, and turtle and dugong fisheries became a focus of attention. In 1997 the PZJA recommended that a community-based management strategy should be developed to ensure that the turtle and dugong harvest was sustainable, instigating an Australian Fisheries Management Authority (AFMA) workshop in June 1998 at which islander leaders, hunters, and government agencies agreed that future management required the integration of SMK with islander perspectives on sustaining turtle and dugong populations. The jointly agreed vision from the workshop was to achieve "effective community based management of dugongs and turtles conducted in a way that maintains Ailan Kastom and ensures the long term survival of these species as an essential component of Torres Strait culture, identity, and sea life" (Kwan et al. 2001:226) .
These stakeholders then jointly worked toward developing Turtle and Dugong Management Plans (TDMPs) for individual islands. This process culminated in the http://www.ecologyandsociety.org/vol17/iss4/art34/ implementation of eight plans in 2008, which have the objective of achieving sustainable harvesting while reviving TEK, and integrating this with SMK. Each plan aims to meet the requirements of an assessment for the EPBC Act, and the development of a management plan, while maintaining islanders' control over decisions. Actions to be implemented by each plan include a hunting permit system and seasonal closures over an agreed area of customary sea tenure, catch monitoring, and traditional hunting and butchering methods. Government-funded Land and Sea Rangers have been employed from the island communities to facilitate the plans' implementation. Governance of each plan is undertaken by a steering committee consisting of community leaders and hunters. It has been proposed that a Turtle and Dugong Working Group (WG) should be formed to achieve regional coordination of plans and engage with the PZJA (Fig. 2) . In spite of this progress, using a social network analysis, Weiss et al. (2012) suggest that the comanagement process is still dominated by top-down government influence.
Tropical rock lobster
The first steps toward comanagement of the lobster fishery were taken in 2001, when islander concerns about the status of lobster stocks resulted in a ban on the use of hookah diving gear and an increase in the minimum takeable size (Mulrennan 2007) . This was a watershed because for the first time the PZJA held an open forum with islanders invited to attend as observers; prior to this, islander input had been limited (Mulrennan and Scott 2005) . In 2002 the PZJA structure was modified to include CFG members in the lobster fishery committees. However, genuine power-sharing and joint decision making was not immediately apparent, and power asymmetries remained (Mulrennan and Scott 2005, Mulrennan 2007 Comanagement processes are less evident in the remaining fisheries, although there has been some community involvement in management. For example, islanders submit catch records in the commercial finfish fishery , and there have been unsuccessful attempts to establish community-based catch monitoring for the traditional reef fishery (Harris et al. 1994 , Skewes et al. 2002 , Busilacchi 2008 . 
METHODS
Application of TEK
Factors influencing TEK application
We assessed three sets of factors that potentially explained the characteristics of TEK application observed from the survey:
Stock depletion, limited SMK, and community ownership Johannes (1998a Johannes ( , 2002 and Johannes et al. (2000) suggested that in other regions of Melanesia and the Pacific, the depletion of fishery stocks, limited SMK to respond to these declines, and community ownership of resources were important http://www.ecologyandsociety.org/vol17/iss4/art34/ factors. We evaluated each fishery in these terms as follows: (1 Following the inference of Johannes (1998a Johannes ( , 2002 and Johannes et al. (2000) for Melanesia, we defined the criteria where application of TEK was most likely to occur as being overfished or uncertain stock status, low or none SMK, and > 60% ownership (Fig. 3) . Where data allowed we presented results for individual species, and aggregated them into groups when this was not possible.
Comanagement characteristics
Comanagement processes and the degree of power-sharing among stakeholders are known to be influential in knowledge integration in fisheries management , Pomeroy 2007 ). We assessed these factors in two ways: (1) Comanagement stages: Plummer (2006) identified three stages in the evolution of comanagement. The first is termed "independence," in which interaction between the government and local actors is limited. The second is "association," in which the actors begin to interact, exchanging information and articulating resource values and a shared vision for management objectives. The third stage, "integration" involves the actors collectively undertaking a task, sharing the consequences of their actions, and resolving conflict. To analyze the evolution of comanagement in fisheries we applied Plummer's (2006) (2008), and those for TDMPs were provided by the TSRA (see Fig. 2 ). We compared these data to the application of TEK in each fishery. Garibaldi and Turner (2004) proposed that cultural keystone species may facilitate linkages between TEK and SMK. To assess the relative cultural importance of fishery species to islanders we applied Smyth et al.'s (2006) study of the cultural values of marine species in the Torres Strait. They classified species into one or more of nine cultural domains, with each domain containing culturally constructed elements and values (Table 1) . We summed the number of domains recorded by Smyth et al. (2006) for each species to yield a cultural value (CV) score.
Cultural values of species
We statistically compared the mean CV score for those species for which TEK had been applied versus those for which it had not using a T-test. We then compared the CV score of species and fisheries with the stage of comanagement reached in the respective fisheries in 2009.
RESULTS
Application of TEK
Thirteen questionnaires were returned (57% response rate). Responses were received from managers or scientists for all fisheries except crabs and pearl shell.
TEK had been applied in four fisheries: turtle, dugong, lobster, and hand collectables, i.e., bêche-de-mer and trochus ( Table  2 ). The most extensive application was evident in turtle and dugong fisheries, and began in 2006. Since 2008 TEK application for these fisheries has been implemented through the rangers' involvement in monitoring and research. By comparison TEK applied to lobster, trochus, and bêche-demer began more recently through the engagement of four islander trainees in the 2009 stock assessment surveys of trochus and bêche-de-mer, and lobster surveys in 2008. In all cases the TEK concerned consisted of behavioral and physiological information about animals and their distribution, and for turtle and dugong also traditional capture and carcass handling techniques.
TEK was not applied in the traditional reef fishery, the commercial finfish, or prawn fisheries. All respondents' reasons were 'not relevant,' 'not appropriate,' or 'islanders not involved in the fishery,' respectively.
Factors influencing TEK application
Stock depletion, limited SMK, and community ownership
Among the seven species or groups for which TEK had been applied, the characteristics of only two, i.e., flatback turtle and trochus, had uncertain stock status, low SMK, and total ownership of the fisheries (Fig. 3a , Table 3 ). The lack of TEK application in the management of barramundi, mixed reef fish, mixed finfish, and invertebrates was unexpected, because according to the criteria suggested by Johannes (1998a Johannes ( , 2002 and Johannes et al. (2000) , TEK should have been applied in these fisheries because of their uncertain stock status, low SMK, and high islander ownership (see Fig. 3b ).
Comanagement characteristics
The comanagement process was most advanced for turtle and dugong relative to other fisheries. The association stage began in 1998 with the AFMA workshop, when islanders and government agencies agreed to a common vision for achieving sustainable turtle and dugong populations (Fig. 4) . Integration began with the implementation of the TDMPs and the employment of rangers in 2008.
Association began for the lobster fishery in 2001, when islander concerns about overfishing resulted in more stringent controls (Fig. 4) . This was progressed in 2002 when the PZJA Ecology and Society 17(4): 34 http://www.ecologyandsociety.org/vol17/iss4/art34/ (2008) (Fig. 4) .
TEK was only applied in these four fisheries, and its first application occurred several years after the association stage had begun (Fig. 4) . This occurred first in 2006 for turtles and dugong, followed in 2008 by lobster and 2009 by hand collectables. In the prawn, finfish, and reef fisheries, where comanagement remains relatively undeveloped in the independence stage, there has been no application of TEK.
The degree of power-sharing in 2009 was also related to TEK application in each fishery (Table 4) . Turtle and dugong fisheries had 90% islander representation and the earliest and most extensive application of TEK. Lobster and hand collectables had midrange representation, with 43% and 52%, respectively, and more recent and relatively limited application of TEK. By comparison fisheries with no TEK application had low to midrange representation.
Cultural values of species
The CV scores for species varied widely, ranging from 1 (coral trout, barramundi) to 9 (dugong, green and hawksbill turtles; Table 3 ). The mean CV score for species for which TEK was applied (6.6 ± 3.3 SD, n = 7) was significantly higher than for those for which it was not (2.0 ± 1.0 SD; n = 9; T = 3.59, P = 0.011, DF = 6).
TEK had been applied for the longest period for species with the highest CV scores, i.e., green turtle, hawksbill turtle, and dugong (Fig. 4) . By 2009 comanagement for these species had reached the integration stage, whereas comanagement of species and groups of lesser value, i.e., lobster, trochus, and bêche-de-mer, had reached the association stage, with more recent and limited application of TEK (Fig. 5a) . Species within the independence stage had relatively low CV scores and TEK had not been applied in their management. When these species and their CV scores were aggregated into fisheries (see Table  3 ) this pattern became clearer (Fig. 5b) .
DISCUSSION
Torres Strait fisheries are typical of tropical inshore fisheries, being highly complex, small-scale, mixed commercial and subsistence, and with a high diversity of species exploited primarily by local fishers. In contrast to neighboring Melanesian nations, however, government fisheries management is relatively well resourced through multiple agencies, and consequently SMK of several commercial fishery species is high. However, in spite of this, the status of five commercial and all traditional species is uncertain. Hence, the challenge commonly faced by centralized, command-andcontrol governance of tropical inshore fisheries is also evident in the Torres Strait, potentially creating preconditions for islanders' TEK to be applied and integrated with SMK to generate hybrid management systems. However, our results indicate that TEK has only been recently applied in the management of four fisheries: dugong, turtles, lobsters, and hand collectables. Furthermore, this corresponded with the first level of Berkes' (1999) knowledge-practice-belief complex of TEK; that is, largely local knowledge of the species rather than management systems, institutions, and world views.
This difference was emphasized when we assessed the role of the depletion of fishery stocks, limited SMK, and community ownership of resources, which Johannes (1998a Johannes ( , 2002 and Johannes et al. (2000) suggested were contributory factors to the application of TEK in other Melanesian regions. Of the seven species or groups for which TEK was applied, the characteristics of only two met these criteria. Also, four other species or groups had characteristics potentially conducive to the application of TEK, yet this had not occurred.
One possible explanation for this outcome is Johannes and MacFarlane's (1991) contention that although TEK clearly still exists in the Torres Strait, it does not include a 'conservation ethic' because of the abundance of marine food resources relative to the islands' historically small human population. This contrasts with other regions of the Pacific, where higher population densities had probably depleted relatively more limited marine resources in the past, thus generating customary conservation practices and norms (Johannes 2002 ; but see Foale et al. 2010) . Hence, overfishing of stocks in the Torres Strait might not be expected to result in the application of TEK. However, Johannes and MacFarlane's (1991) observations are contradicted by other studies in the Torres Strait. Cordell (1995) recorded strictly enforced harvest allocations for dugong, turtle, and fish, and Mulrennan (2007) argued that the commercial overfishing of pearl shell, trochus, and bêche-de-mer in the last century has led to a growing awareness and acceptance of the principle of sustainable use among islanders.
An alternative explanation is suggested by our finding that the average CV score of species for which TEK had been applied was statistically higher than for species where it had not. Our analysis suggests that the cultural value of species influenced the extent of comanagement and power-sharing, which in turn led to the application of TEK after establishment of the association stage of comanagement. However, there was also an important chronological perspective, whereby the species of highest cultural value, turtles and dugong, were the earliest focus for comanagement processes, generating significant islander representation and engagement in management, and hence the initial and most extensive application of TEK. Comanagement for species and fisheries of high but lesser cultural value, lobster and hand collectables, followed in succession, with later and hence more limited application of TEK.
We acknowledge that our analysis is based on a small sample size of 13 fishery managers and scientists, although this represented a majority (57%) of those responsible for PZJA fisheries. It could be important to also assess the perceptions of CFG members involved in the PZJA committees, and their views of the extent and form of TEK applied. Such an assessment would also capture the characteristics of TEK applied in primarily islander-driven comanagement processes that did not directly involve fishery managers and scientists. The TDMPs and harvest strategies for hand collectables are cases in point: neither was mentioned in detail by the survey respondents.
Our study provides further empirical evidence for Garibaldi and Turner's (2004) concept of cultural keystone species, and their role in promoting linkages and understandings between TEK and SMK. Green and hawksbill turtles and dugong (CV = 9) clearly qualify as cultural keystone species, being fundamental to Ailan Kastom. Lobsters (CV = 8) and trochus (CV = 7) also qualify, but to a lesser degree. However, our results suggest two additional components to this concept. First, turtle and dugong have catalyzed comanagement because of their cross-cultural values for islanders' livelihoods and government conservation imperatives for these species. Second, there is circumstantial evidence that they have also precipitated comanagement in other lesser keystone species. For example, the establishment of the ranger program was an impetus for the Hand Collectables WG to develop communitybased management of bêche-de-mer and trochus.
Because of their extensive ranges and the ecosystem services that they provide to local, national, and international beneficiaries, large and iconic marine fauna often generate cross-scale governance partnerships necessary for their management (e.g., Armitage 2005b , Wilson 2006 , Armitage 2007 . Such comanagement is particularly necessary when stakeholders hold conflicting values for the services provided by a species (Butler et al. 2006 , Thompson et al. 2007 , Butler 2011 , Young et al. 2012 . Turtles and dugong bear these characteristics. Green turtles in the Torres Strait are known to be part of the northern Great Barrier Reef stock (Limpus 2008) . Dugong also migrate widely in Australian tropical waters, possibly driven by changes in seagrass abundance (Marsh et al. 2002 , Sheppard et al. 2006 . Their migratory behavior has necessitated cross-scale partnerships between multiple indigenous communities, state and national government agencies (Kennett et al. 2004 , Wohling 2009 , and cross-border collaboration between Australian and PNG stakeholders in the Torres Strait (DEC 2009). Applying the Millennium Ecosystem Assessment's (2005) terminology, islanders derive "provisioning" and "cultural" ecosystem services from these species through hunting, while their national and international biodiversity, and "cultural" ecosystem service, values have led to concerns among governments and scientists about the impacts of harvesting on the populations' viability (Heinsohn et al. 2004 , Limpus 2008 . These factors, combined with scientists' and islanders' conflicting perceptions of the status of turtle and dugong populations (Johannes and Neis 2007) , have amplified the necessity for comanagement.
We accept that there may be other factors influencing our results. Related to the influence of ecological scale, the geographical scale and economic value of commercial fisheries within the Torres Strait may also have mediated the Ecology and Society 17(4): 34 http://www.ecologyandsociety.org/vol17/iss4/art34/ application of TEK. The lobster fishery is the primary source of fishery-related income for islanders, and contributes to livelihoods across many communities (van Putten et al. 2012) , motivating islanders to gain greater control and access to the fishery through comanagement (Mulrennan 2007) . By comparison, trochus and bêche-de-mer fisheries are of low economic value and focused in the eastern islands (PZJA 2008 , Wilson et al. 2009 ). Similarly, commercial finfish are of low value (PZJA 2008 , Wilson et al. 2009 ). In spite of 53% islander representation on finfish PZJA committees, comanagement is relatively undeveloped, and TEK has not been applied.
Another factor may be the differing power dynamics in PZJA committees, both among and between islander and government representatives, which may distort the degree of power-sharing otherwise indicated by the balance of committee members. Power dynamics are recognized to be highly influential in the comanagement process, and the balance within forums can determine the extent of knowledge integration and social networking , Doubleday 2007 , Nadasdy 2007 ). Such dynamics are particularly evident in the interface between TEK and SMK, where modes of communication and mistrust can impede negotiation between indigenous and government actors (Moller et al. 2004 , Davidson-Hunt 2006 , Foale 2006 , Carter and Hill 2007 , Gratani et al. 2011 ). In the Torres Strait it has also been recognized that logistical costs often prevent CFG representatives from attending PZJA meetings (PZJA 2008 , Australian Senate 2010 , potentially influencing the balance of power during decision making.
The question presents itself as to why cultural values, comanagement, and power-sharing status explain the pattern of TEK application in the Torres Strait better than stock collapses, limited SMK, and community ownership as observed in other Melanesian regions. The explanation may lie in the socio-political context of the Torres Strait, where indigenous resource use rights and Ailan Kastom have been subsumed and suppressed by Australian law and economy since the 19th century. Since the signing of the Treaty in 1985, which explicitly aims to protect the traditional livelihoods and practices of islanders, and thus promotes comanagement, there has been a revival of Ailan Kastom, characterized by the Regional Sea Claim lodged in 2001. This represents the most recent progression of islanders' claims to resource sovereignty following the Mabo Decision in 1992 (Scott and Mulrennan 1999) . In this context the application of TEK through the comanagement of cultural keystone species may be indicative of reasserted ownership and control, as also observed among First Nation groups in North America (e.g. Armitage 2005a , Jones 2007 , Poepoe et al. 2007 , Jones et al. 2010 . By comparison, although also colonized by Europeans, many developing Melanesian nations gained independence in the late 20th century, and marine tenure and customary practices have remained largely intact (Johannes 2002) . Hence, in these situations the application of TEK may be associated more with the necessity of managing fisheries in the absence of SMK, facilitated by a stronger cultural recognition of TEK by formal and informal institutions, rather than the politics of resource ownership.
CONCLUSION
The application of TEK and SMK in natural resource management potentially enhances the resilience of socialecological systems by providing a diversity of knowledge for problem solving and related cross-scale and adaptive governance networks (Folke 2004 , Folke et al. 2005 , Berkes and Turner 2006 , Davidson-Hunt 2006 , Berkes 2009 ). Our results show that in the Torres Strait, TEK in the form of local knowledge of species has only recently been applied in the comanagement of cultural keystone species. Survey respondents provided little evidence of the application of higher levels of TEK as defined by Berkes (1999) , such as management systems, social institutions, or worldviews within which they are embedded. However, provisions for turtles and dugong set out in the TDMPs clearly include measures akin to these, such as management areas based on customary sea tenure, seasonal closures, and hunting and butchering methods that comply with traditional norms. Prototype community-based harvest strategies for hand collectables also aim to restore traditional spatial management systems.
Further application of TEK and its integration with SMK to develop more effective hybrid management systems may depend upon the ability of the PZJA to modify the consultative committee structure to promote equitable islander and government agency representation. This should include the establishment of new forums for traditional turtle, dugong, and reef fisheries, as recommended by a recent review of Torres Strait fisheries management (AFMA 2010). Such forums should encourage experimentation, innovation and learning among all representatives, and hence potentially allow adaptive comanagement to evolve. This would encourage the contemporary extent and characteristics of TEK to emerge. In addition, forums should enable the mutual testing and validation of TEK and SMK in the Torres Strait, an important step in knowledge integration (Gratani et al. 2011 ) that so far is not evident in fishery management processes.
Evolution from comanagement to adaptive comanagement and more extensive knowledge integration is most likely to occur for turtles and dugong because implementation of TDMPs from 2008 represented the start of the integration stage of comanagement for these species. Responding to their ecological scale, governance structures for turtles and dugong are already instigating international collaboration between Australian and PNG communities and government (DEC 2009) . This may catalyze similar initiatives for other shared marine resources. Hence, our study highlights the potentially
